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Discharges Associated with Ship Based
Operations

* Cooling water (Main and Aux. Condenser)
o Safety (Water Curtain, Fire Control)

* Sanitary (Black and Gray Water with MSD)
* Ballast water (Vessel stability)

* Potable water (Freshwater supply)



Basis for Ship Based Discharges

BOD, COD, TOC, Ammonia levels from USEPA Nature of
Discharge Studies for the Cruise Ship Industry and US
Navy vessels — variable size classes

Fecal coliform based on MSD efficiency and PREQB
standard

TSS and pH based on available data from NOAA buoys
and PREQB standards

Applied maximum and mean values from discharges
measured in USEPA studies

— Data gap — characterize ambient concentrations and
establish background concentrations
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FSRU Overdeck Discharges

For presentation purposes only; Not to scale OF003 A/B
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General Arrangement of Subsurface
Discharges — Stern View

Port Starboard

OF006A f ~~Hrssinaiind ' OF001B

Ballast ! ‘i Main

Port OF002 Aux: OF001A Main OF004 Condenser
Condenser Condenser Freshwater OF005 OF006B Ba"astBackwash

Cooling Generator Sanitary  Starboard



Cross Section Port-Starboard
Discharges
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FSRU Subsurface Outfall Locations

Outfall Discharge Source Side Est. Distance from
7 ~ Propeller

001A Main Condenser Port 32m
Cooling

0018 Main Condenser Starboard 39m
Backwash

002 Aux. Condenser Port 44 m
Cooling

004 Freshwater Starboard 50m

) Generator
005 Sanitary Starboard 28 m
006 Ballast Port/Starboard 45 m/47 m




FSRU Thermal Plume Orientation

For presentation purposes only; Not to scale
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Thermal Discharge

e QOutfall 001

— Located approximately 32 m from propeller
housing on stern

— 56 MGD

— Delta T max 120C

— Estimated point maximum discharge temp. 41 oC
— Discharge rate of approx. 4.4 fps

— Momentum based plume



FSRU Visual Plumes Model Outfall 001

Ambient

Discharge Velocity,

Depth, (meters/

Case (meters) Second)

1 5.3 0
6.35 0
7.4 0
5.3
6.35
7.4

Criteria (32.2°C / 90°
F) or Bottom Impact
Temperature, (°C)
32.2

32.2
32.2
32.2
32.2
32.2

Visual Plumes is an approved model by EQB
Horizontal compliance within 12.2 m and 6.3 m at 0 and 0.1 m/sec current speed
Vertical compliance within 9.6 m to 11.7 m at 0 and 0.1 m/sec current speed

Horizontal
Distance to Meet
Criteria or to
Bottom Impact,
{meters)
12.2

12.2
12.2
6.3
6.3
6.3

Depth to Meet
Criteria or to
Bottom Impact,
{meters)

9.6

10.7
11.8
9.6
10.8
11.7



Main Condenser Thermal Plume

Predicted plume meets predicted EPA
standardized mixing zone application model
No high speed diffuser applied in model

Non-modified discharge



Thermal Discharge Characteristics

e Qutfall 002
— Located approx. 6.5 m forward of OF001
— 6 MGD
— Delta T max approx. 3o0C
— Discharge rate of 6.7 fps
— Buoyant discharge



FSRU Outfall 002 with Jet Lag Model

at 0 and 0.1 m/sec current speed

Thermal Signature — 0 m/sec

Thermal Signature — 0.1 m/sec

Depth Below Surface (negative values), meters

Discharge 2 Vertical Plane View,

4 o Jet origin 6.3 m below surface
C Orientation downward at 45 deg
i Water Depth19.2 m
of No Ambient Current temperature
» 42
1k 15
[ 41
- 405
2 40
- 395
a3k 39
3F 385
i 38
4 375
E 1 37
5 _ ¥ £.5
[ — 355
- — 35
b — 345
C —1 34
7k - 335
i — 33
i - 325
-8 - 32
N l 315
9 31

-] NEH FWEE KNEN RWHE FWER PR NWEN SR |
-1 0 1 2 3 4 5 6 7
Horizontal Distance From Jet Origin, meters

Depth Below Surface (negative values), meters

r Discharge 2 Vertical Plane View,
- Jet origin 6.3 m below surface
ok Orientation downward at 45 deg

Water Depth 19.2 m
10 cnms Ambient Cumrent

w
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llll‘jlll

NS FETH FEES FWEE FEWS PR SRS Sue
2 A 0 1 2 3 4 5 6
Horizontal Distance From Jet Origin, meters

{4 325

385

375

' 365
= 36
— 355
— 35
=~ 345

34
335

{1 32

L 315
| 3
305

Visual Plumes not evaluated due to limitation on buoyant
plume effect. Jet Lag Model applied.




FSRU Jet Lag Model Outfall 002

Ambient
Velocity,
(meters/
Second)

Discharge
Depth,

Case (meters)

1 6.3 0

7.35 0
8.4 0
6.3
7.35
8.4

Criteria (32.2°C/
90° F) or Bottom
Impact
Temperature, (¢ C}
32.2

32.2
32.2
32.2
32.2
32.2

Horizontal Distance
to Meet Criteria or
to Bottom Impact,
(meters)
1.9

2t
1.9
0.5
0.5
0.4

Depth to Meet
Criteria or to
Bottom Impact,
{(meters)
5.1

6.2
7.2
6.5
7.6
8.8

Horizontal compliance within 0.4 m and 6.2 m at 0 and 0.1 m/sec current speed
Vertical compliance within 5.1 m to 8.8 m at 0 and 0.1 m/sec current speed



Potential FSRU Mixing Zone
Orientation
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Engineering — Diffusers or High Rate
Diffuser

e Reconfiguration of discharge structures on hull:

— Velocities are 4.4 fps and 6.7 fps, <10 fps as required
for high speed diffuser definition

— FSRU a vessel with need for underway capability on
call

— Engineering design of systems set for a sea going
vessel

— Structural hull limitations of hull due to drag from
installed diffuser

— Alteration of system has limited options due to ship
based engineering system pressure limitations



Marine Growth Prevention System

* Chlorine based macrofouling control system

— On board sodium hypochlorite generator, with
target dose of 0.5 ppm injected after sea chest

— All systems serviced by seawater withdrawal have
the potential to contain free residual chlorine
(FRC) in discharge

— Continuous monitoring of chlorine using Hach
monitoring system

— Assessing discontinuous dosing and reduced
continuous dosing as options



Sanitary Water Disinfection

e Chlorine based disinfection system

® Chlorine on-board sodium hypochlorite
generator to supply
— Install continuous monitoring system

— Disinfection of Sanitary Effluent
e Similar to POTW effluent

e WET testing requirement to meet no toxics narrative in
EQB standards



Additional Monitoring/Data Needs

* Temperature/Effluent Compliance

— Vessel need for underway capability limits engineering
and exterior structures

— Mixing zone needs

e Background data needed to characterize local
water quality

e Representative LNGC data for discharge profiles

e Chlorine and other Potential Contaminants
— WET testing requirement
— Evaluating discontinuous chlorination as option
— Evaluating variable treatment capability
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Subsurface
Pumpintet | @ 13m0
w/Strainer
FW Generator | Potable |
From FSRU and Sanitary
Supply
Notes:
e — > Lontinuous discharge

Aguirre Gas Port Platform - Prelimnary Water Batance V1 5-30-13

fire Control System Flow
Min. Flow 15 m"/mR
Max Flow 900 m’/HR

h | for on

B ossesanan

GasPort Fire Cortrol System Test

Water Discharge

- >Intermittent discharge based on regasification schedule
water

? Maximum flow based on emergency water supply operational demand

pressure maintance and service supply will be on routine bases

2ot2

,,,,,,,,, 189 m'/HR Port-Starboare Water Curtain
Discharge
- Blackand Gray | Gas Port Of Loac for
Water Septic On-Shore
Gereration Tank Treatment

0 095 MGT 5.7 MGD Max |

Canbbear Sea

Larbbean 53




EPA ID Number (copy from Item 1 of Form 1) | Form Approved OMB No 2040-0086
Please pnnt or type in the unshaded areas only | Approval expires 5-31-82

i

U S Enwironmental Protection Agency

FORM | £ Washington DC 20460
2F ‘0’ EPA Application for Permit to Discharge Storm Water

NPDES | Discharges Associated with Industrial Activity

Paperwork Reduction Act Notice
Public reporting burden for this application 1s estimated to average 28 & hours per apphicaton, including ime for reviewing instructions searching existing data sources
gathenng and mamntaining the data needed. and compieting and reviewing the collection of information Send comments regarding the burden estimate. any other aspect
of this collection of mfarmation. or suggestions for improving this form. including suggestions which may increase or reduce this burden to Chief Information Policy
Branch. PM-223 U S Enwironmental Protection Agency, 1200 Pennsylvania Avenue NW, Washington. DC 20480 or Director  Office of Information and Reguiatory
Affairs, Office of Management and Budget, Washington, DC 20503

|. Qutfall Location

For each outfall st the latitude and longitude of its location to the nearest 15 seconds and the name of the recaiving water

A Qutfall Number D Receiving Water
(hst) B Lattude C Longitude {name)
FOUR Stormwat e 17.00 54 .00 4.00 66 00 13.00 49 .00

Caribbean Sea

agsPortStormwater 1 00 54 .00 1. 00 G 00 1100 19.00 [Cari1bbean Sea

i mprovements g Db B s o5 o -

A Are you now required by any Federal State. or local authonty 10 meet any implementation schedule for the construction. upgrading or operatian of wastewater
treatment equipment or practices or any other environmental programs which may affect the discharges descnbed in this application? This includes, but 1s not hmited
to. permit conditions, administrative or enforcement orders enforcement comphiance schedule letters. stipulations, court orders, and grant or loan conditions

4 Final
2 Affected Qutfail
1 ldentfication of Conditions - Comphance Date

Agreements, Etc number source of discharge 3 Brnef Descniption of Project a req b proj

NONE NA | NA NA

8 You may attach addiional sheets describing any additonal water pollution (or other environmental projects which may affect your discharges) you now have under
way or which you plan Indicate whether each program is now under way or planned, and indicate your actual or planned schedules for construction

st Dramage My R

Attach a site map showing topography (or indicating the outhne of drainage areas served by the outfalls(s) covered in the application if a topographic map 1s unavailable)
depicting the facility including each of #s intake and discharge structures. the drainage area of each storm water outfall, paved areas and buildings within the drainage
area of each storm water outfall each known past or present areas used for outdoor storage of disposal of significant matenals. each existing structural control measure
to reduce pollutants in storm water runoff matenals loading and access areas, areas where pesticides. herbicides, soil conditioners and fertilizers are apphed, each of
its hazardous waste treatment. storage or disposal units (including each area not required to have a RCRA permit which is used for accumulating hazardous waste

under 40 CFR 282 34) each well where fluids from the facility are injected underground springs and other surface water bodies which received storm water discharges
from the facility i

EPA Form 3510-2F (1-92) Page 10of 3 \ Continue on Page 2
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Figure 2 Jobos Bay Watershed and Drainage Area.

L.md Cover Classes
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Conlinued from the Fronl

. Narrative Doscripion o Paoant Sourzer

A For sach outfall, provido an eslimate of the area wnita) ol imgp il ding paved aress and buliding roofs) drained to the outfal, and an estimate of the 1olal surface area
drained by !ie oulfall
Outfall Area of Impervious Surface Totsl Ares Dreined Ouifall Ares of impervious Surface Tolsl Area Dreined
Numbaer (provide unils) (provide unils) Number {provide unils) (provide uni's)
FRRU Piat Deck area of FSRU Approx. 15,000 |Gas Gas Port NDeck Area estimated to be Approx. 9,200 m2
Over approximates 300 m x 50 w syuare meters Port 7,300 m2 and Gas Port access walk ways
deck (m2) Overdec |estimated to be 1500 m2,
sLoTmwa k Storm
tex water
B. Provide a narrative description of significant malerials that are currently or in the past ihree years have been lrealed, slored or disposed in a 1o allow

to slorm water, method of treatmenl, slorage, or disposal, mmmmwmmwwmmmmmﬁm
storm water runoff, malerials loading and access areas, and the location, manner, and frequency in which pesticides, herbicides, soll condilioners, and ferlilizers are
applied.

‘Ths is a proposed facility:

The PSRU will be moored to the Gas Port facility. This will be an operating, moored ship located off the coast of Jobos Bay
which will act ss & tloating storage and regasification unit (PSRU) that will regasify liquidified natural gas (LNG) from LNG
carriers for use by the Aguirre Power Station operated by the Puerto Rico Power Authority (PREPA). Operations of thig vessal
will include the use of machinery requiring lubrlcation, (oll and grease), hydraulic fluids and similar petroleum based {lulds.
Routine operation and maintaince of this machincery may result in the incidental/accidenctal leakage of such fluide onto deck
areas. Such leakage will be captured via dip pans and collected and trsated accordingly.

The Gas Port placform will be a manned deck platform area supporting diesel fuel generators and diesel fuel tenks, It will slso
support hydraulic oll tanks. Fuel or oll tank unite will have assoclated bunds (with eguivalent volume of 120% for spill/leak
containment . .

c Fotuchouﬂd.MWMM.WMMMMMWMWhWMnMMW and &

description of the (reatment the slorm waler receives, including the schedule and type of mai for I and | m and the ultimate disposal
of any solid or fluid wastes olher than by discharge.
Quifall List Codes from
Number Treaiment Tabie 2F-1
PBRUGH Openings of deck drains/ports will be lined with oil and grease absorbent plgs to filter out oil 1-X

and grease prior to discharge. EBguipment and piping connections that have potential to leak will

have dedicated drip pan installed below which will capture sny incidental leakage of oil or

rease. These pans wil be inspected ragularly. Any accumulated oll or grease will be recovered
treated accordingly.

GasPOrtEW iese]l fuel and hydraulic oil tanks on Gas Port platform will be surrounded by containment bunds 1-X

1 to 120% of the tank volumwe.

V. Nonstormwater Discharges

A_ | certify under penaity of law hat the outfali(s) covered by this applicalion have been lested or evalualed for the presence of nonstormwaler discharges, and that all
mmmmwnnWhMmmmemrmzmhum

Name and Official Tille (lype o print) { ”7i has Signed
EXwre) Scorr, Coo ) ’}z/"”}"'/ (——— & kely 20/3

~”

B Mamdhmmngmdwbﬂ,ljﬁ drainage points thal were directly observed during a test.
Proposed operation - No Data Ayailable

VI. Significant Leaks or Spills

Provide existing information regarding the history of significant lesks or spills of toxic or hazardous poliutanis at the facility in the last three years, including the
approximate dale and location of the spill or leak, and the type and amouni of material released.

No data available. This is a proposed facility.

EPA Form 3510-2F (1-82) Page20f3 Continue on Page 3



EPA 1D Number (copy from llem 1 of Form 1)

Continued from Page 2
IVil. Discharge Information

A.B.C,&D: Seeinsiructions before proceeding. Complele one se! of tables for each outfall. Annotate the culfall number in the space provided.
Tabie Vil-A, ViI-B, ViI-C are included on separale sheats numbers Vii-1 and Vii-2,

ZFA nmmo;-mmmmnmmmwa\yw

E. Polential discherges not comodbymdm ummmwmmwa A3,
currently use or fact Merﬁndpmdsdww ey

DYu(kldunhpdmmbolow) - SRl L [ﬂNo(pocosmonm

VIll. Blologlcal Toxicity Testing Data

Do you have any knowledge or reason lo believe thal any biological les! for acute or chronic has been made on any of your discharges or on a receiving waler in
relation to discharge within the las! 3 years?
Yes (list afl such poliulanis beiow) e .. [V)No(gota sestionixy

IX. Contract Analysis Information
mmdﬁmmwhmwmw-mw«mm

[:]vuaam-m.mmdmpmmof.mmm No (go le Seclion X)
analyzed by, each such leboralory or firm below)
A. Name B. Address C. Area Code & Phone No. O. Poliiards Anslyzed

< e I e

:wmmamwmmmmummmmmwmwmmnmanmmnm
memhhydwummmmwmquam, or who ge the sysiem or those persons

direclly responaible for the Information submitied is, lo the best of my knowiadge and beliel, irue, accurale, and camplete. | sm aware thal
there are significant penalties for submitling false infonnation, including the possibility of fine and imprisonment for knowing violalions.
A. Name & Ofiicial Thie (Type Or Prini) B. Area Code and Phone No.
Edwhred ScorT, Coo K22- §3-7c00
c soomm&;7 - 7 /7 D. Date Signed
T i S e o Jal, 20/3
EPAForm 35102F (1.92) L Page 3 of 3
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EPA ID Number (copy from Item 1 of Form 1)

Form Approved OMB No 2040-0086
Approval expires 5-31-92

VIii. Discharge information (Continued from page 3 of Form 2F)

Part A — You must

prowvide the results of at least one analysis for every pollutant In this table Complete one table for each outfall See instructions for additional details

Maximum Values Average Values
(include unis) (include urits) Number
Pollutant Grab Sampie Grab Sample of
_and Taken Dunng Taken Dunng Storm
CAS Number First 20 Flow-Weighted First 20 Flow-Weighted Events
(if avaiadie) Minutes Composite Minutes Composite Sampled Sources of Poliutants
Qi and Grease NA N/A NA NA o NA
Biological Oxygen ) . NaA A s
Demand (BODS5) NA NA R ¥ NA
Chemical Oxygen § - . aA
Demand (COD) - A NA NA ( NA.
Total Suspended ) - . R , )
Sonds (TSS) oA A A NA ) o NA
Total Nitrogen NA NA NA NA 0.00 NA
Total Phosphorus | NA NA NA NA o NA
pH Minimum Maximum Minimum Maximum 0.00 NA
PanB -  List each pollutant that is kmited in an effluent guideline which the facility 1s subject to or any pollutant listed in the faciity's NPDES permit for its process
wastewater (if the faciity 1s operating under an existing NPDES permity Complete one table for each outfall See the nstructions for addiional details and
reguirements
Maximum Values Average Values
(include units) (include units) Number
Pollutant Grah Sample Grab Sample of
__and Taken Dunng Taken Dunng Storm
CAS Number First 20 Flow-Weighted First 20 Flow-Weighted Events
(1f available) Minutes Composite Minutes Composite Sampled Sources of Pollutants
NA NA NA NA NA (U HA

EPA Form 3510-2F (1-92)

Page Vil-1

Continue on Reverse




Continued from the Front

Part C - List each poliutant shown in Table 2F-2, 2F-3, and 2F-4 that you know or have reason to believe is present See the instructions for additional details and

requirements Complete one table for each outfall
Maximum Values Average Values
(include units) (include units) Number
Pollutant Grab Sample Grab Sample of
__and Taken Dunng Taken Duning Storm
CAS Number First 20 Flow-Weighted First 20 Fiow-Weighted Events
f avalable) Minutes Composite Minutes Composite Sampied Sources of Pollutants
NA NA NA NA NA 0. ol NA
Part D - Prowide data for the storm event(s) which resulted in the maximum values for the flow weaighted composite sample
4 5
1 2 3 Number of hours between | Maximum flow rate dunng 6
Date of Duration Total ranfall beginning of storm measured ramn event Total flow from
Storm of Storm Event during storm event and end of previous (gallons/minute or rain event
Event (in minutes) (in inches) measurable rain event specify units) (galions or specify units)
NA NA NA NA NA NA :

7 Prowide a descnption of the method of flow measurement or estimate

NA

EPA Form 3510-2F (1-92)

Page Vii-2
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1.0 Introduction

- The following memorandum documents the results of the thermal discharge modeling for the
Aguirre Ollshore GasPort Project. This evaluation documents the modeling of the thermal
discharges from a Floating Storage and Regasification Unit (FSRU) and a Liquidified Natural
Gas Carrier (LNGC) at the Aguirre Offshore GasPort project off the southern coast of Puerto
Rico, offshore from the inlet to Jobos Bay. Separate thermal discharges from the fixed FSRU, a
permanently moored EBRV continuously providing natural gas to the Aguirre Power Plant, and
an intermittently moored LNGC, transferring liquefied natural gas (LNG) to the FSRU will be
considered.

Discharge and Ambient Characteristics

Heated discharge properties and ambient conditions were assembled for FSRU Outfalls 001 and
002 and are summarized in Table 1. Flow rates, port diameters, orientations, and depths below
the surface were taken for vessel specification. It is assumed that the discharges exist normally
beneath the vessel hull and due to the length of the vessels, ambient currents are parallel to the
vessel. The temperature rise of 12 °C for the FSRU Outfalls was based on operating records and
renewal of the Northeast Gateway National Pollutant Discharge Elimination System (NPDES)
Permit. Less information is available for the LNGC discharge. Provided data include the 2.72
cm/sec discharge and the 3 °C temperature rises based on data from the Jordan Cove FEIS.
Other port data were taken as the same as the FSRU Outfall 001. Ambient temperature data were
taken. Other port data were taken as the same as the FSRU Outfall 001. Ambient temperature
data were taken as the maximum mean monthly average surface temperature form the Metocean
Study (Forristall, 2010). Mean lower low water (MLLW) depths were taken from the NOAA
chart with a depth of approximately 18.3 meters. NOAA EtopoOl :
(http://www.ngdc.noaa.gov/mgg/global/global.html) depths for the region were slightly deeper
with a value of 20.95 meters. Generally shallow depths are more critical with respect to plume
mixing so a value of 19.2 meters (applying 0.67 chart + 0.33 etopo values for estimating ambient
depth to bottom) was used. Detailed bathymetry data collected for the Aguirre Gasport Project
confirm 18.8 to 19.1 meter depth intervals at the proposed location. The location of the vessel
discharge port for Outfall 001 and 002 was modeled using the minimum and maximum depth
ranges presented in Table 1. Discharge port depth for the LNGC was assumed to be similar to
that for the FSRU (Table 1).

High current velocities tend to result in rapid mixing and high dilution rates making low current
speeds more critical for plume temperature dissipation. For this study, two cases were
considered, no ambient currents (0 m/sec) and a low ambient current speed of 0.10 meter/sec
parallel to the vessel hull and normal to the discharge port orientation. Tidal current data on the
southern coast of Puerto Rico is sparse with Morelock, et al (undated) estimating maximum tidal
current speeds of 0.1 to 0.2 meters per second. Mean current are of a similar magnitude. Thus
the two current cases considered in this analysis are very conservative.

Puerto Rico has a maximum temperature criteria of 32.2° C (90° F) which with is used to define
impacted areas for the plume temperature field and the possible need for a mixing zone. The US
EPA Technical Guidance (US EPA, 1991) defines a number of approaches for defining mixing
zones based on discharge characteristic. The approach most appropriate for this situation is
defining the mixing zone as a distance equal to 50 times the discharge length scale in all
directions. The resulting mixing zone lengths are 62 and 17.5 meters (201 and 57 feet) for

I I O I R ===
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Outfalls 001 and 002 respectively for the FSRU and 62 meters for the LNGC main condenser
discharge,

2.0 Model Selection and Approach

A number of models are available for thermal jet-plume evaluation including CORMIX
(Doneker and Jirka, 2007), VISUAL PLUMES (VP) (Frick, et al., 2003), and JETLAG/VISIJET
(JETLAG) (Lee and Cheung, 1990: Lee and Chu, 2003; Choi and Lee, 2007) which model single
and multiport discharges into a non-evolving ambient environment. For complex discharge
situations where multiple, potentially interacting discharges, or the need to address potential
recirculation into intakes, or the presence of evolving ambient conditions, the Environmental
Fluid Dynamics Code (EFDC) model (http://www.epa.gov/ceampubl/swater/efdc/index.html), is
recommended. The EFDC model is three-dimensional hydrodynamic and transport model which
includes an embedded version of JETLAG making it possible to simulate multiple intakes and
thermal discharges in high complex and evolving ambient environments.

All of the four proposed models are recognized and accepted by regulatory agencies. CORMIX
and VISUAL PLUMES were developed by US EPA and are widely used for mixing zone studies.
JETLAG is widely used internally and has been accepted for mixing zone studies in US EPA
Region 4 (Tetra Tech, 2008a, 2008b, 2010). The modeling approach used in this study is to use
all three models, CORMIX, VISUAL PLUMES and JETLAG to simulate the discharge plume
primarily since CORMIX fails to provide complex results. The relatively short trajectories to the
location meeting the 32.2° C temperature criteria indicate that recirculation into the intake and
tidal double dosing are not important and that an embedded buoyant jet in a larger scale EFDC
model is not necessary.

Table 1. FSRU and LNGC Discharge Properties
FSRU FSRU LNGC
Discharge 1  Discharge 2 Thermal

Vessel Discharge Property Outfall 001  Outfall 002  Discharge
Flow Rate, (cubic meters per second) , 2.06 | 0.26 , 2.72
_Discharge Port Diameter, (meters) 14 | 04 | 14
Port Area, (square meters) 154 0126 | 154
wLength Scale (square root of area) (meters) | 1.24 ; 0.35 1.24
_Port Discharge Velocity, (meters/se) | 1.34 2.06 ,1-34 ~
Discharge Angle from Horizontal, (degrees) | 45 45 | -45
Discharge Angle form Ambient Flow (degrees) 90 BN 90 90
Discharge Depth Range, (meters) o = 5» 3-74 63 -8. 4 | 53- 74 _
Discharge Temperature Above Ambient (° C) | 12| 12 3
Maximum Ambient Temperature, (° C) 296 | 29.6 [ 296
“Water Depth, (meters) 'f 192 | 192 | 192
Mean Tidal or Ambient Current, (meters/sec) | 010 = 0.0 | 0.10
‘ Not to Exceed Temperature Criteria, (° C) 32. 2 | 32. 2 322
EPA Guidance Mixing Zone (50 x length scale), 62 17.5 62
(meters) |

Page 2
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3.0 Model Results for FSRU OQutfall 001

Model results for FSRU Outfall 001 are presented in Tables 2 through 4. Results for CORMIX
are shown in Table 2. CORMIX predicts that the plume impacts the bottom but provides no
vertical trajectory prior to impact. Once the plume impacts the bottom, the plume is modeled as
a bottom attached half plume with dilution output as a function of distance from the discharge
provided. For the case based on no current and discharge depths below the surface of 5.3 and
6.35 meters, the 32.2 ° C, temperature criteria is met at 42 meters, which is within the proposed
62 meter mixing zone for Outfall 001. For the 0.10 meter/second current case, the distance to
meeting the temperature criteria is reduced to 28 meters. For the 7.4 meter discharge depth
CORMIX fails to provide solutions. Given the unsatisfactory performance of CORMIX, this
model was not considered appropriate for the set of parameters applied and shallow water depths
present. Therefore, additional simulations were conducted with VISUAL PLUMES and
JETLAG to assess the thermal discharge

Table 3 shows results for the simulation using the VISUAL UM3 module for FSRU Outfall 001.
The model behaves quite differently than CORMIX and does not impact the bottom but
approaches the bottom and then rises towards the surface. For the three port depth cases, the no
ambient current scenario identifies the temperature criterion to be met at horizontal distances of
12.2 and 13.4 meters. Depths to meet the criteria start at 9.6 meter and decrease by
approximately a meter for the successive depths below the surface. With a 0.1 meter/sec ambient
velocity, the horizontal distance is reduced 6.3 meters due to an increase in ambient water
entrainment caused by the modeled current. Depths to meet the criteria are similar to the no
current case with depths to attainment in the range of 9.6 to 11.7 meters (Table 3).

Results for the application of JETLAG to FSRU Outfall 001 are presented in Table 4. The
JETLAG model predicts bottom impact of the plume based on the edge of the plume intersecting
the bottom. However if bottom impact was based on plume center line impacting the bottom
there would be not bottom impact and the plume behavior would be similar to the falling and
rising trajectory of VISUAL PLUMES whose impact criteria were not available. For the no
ambient current case, JETLAG predicts somewhat larger horizontal distances, (15.3 meters or
less), to meeting the temperature criteria. For the 6.35 and 7.4 meter port discharge depths,
temperature at bottom impact is slightly over the criteria, but the criteria should be subsequently
reached in less than one meter due additional mixing in the bottom boundary layer. Depths at
which the temperature criterion are met are also larger than those predicted by VISUAL
PLUMES. For the cases with ambient current horizontal distance to meet the temperature
criteria are 8.6 meters, again somewhat larger than the VISUAL PLUMES predictions. Depths
at which the criteria are met range from 12.4 to 14.5 meters.

From these results it is seen that the VISUAL PLUMES and JETLAG models produce consistent
results with JETLAG being slightly more conservative in predicting longer distances to meet the
32.2° C temperature criterion. However these predicted longer distances remain well within the
proposed 62 meter mixing zone for Outfall 001. To provide a feel for VISUAL PLUMES and
JETLAG results, Figures 1 and 2 present the vertical plane trajectories for the 5.3 meter below
the surface discharge port cases without and with ambient current using JETLAG. JETLAG
results are presented due to JETLAG having more refined graphics capabilities than the VISUAL
PLUMES software. JETLAG predicts the possibility for the discharge plume to come into
contact with the bottom but only when considering the edge of the plume perimeter. Both
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models do predict the plume to turn and dissipate with both ambient distance and current
conditions

4.0 Model Results for FSRU Outfall 002

The discharge from FSRU Outfall 002 was simulated with only JETLAG due to limitation with
CORMIX and VISUAL PLUME handling buoyancy dominated, downward discharge angles.
The results of the JETLAG simulations are shown in Table 5. For the no ambient current
scenario, the plume is buoyancy dominated and immediately re-orients from a downward to an
upward trajectory as shown in Figure 3. The temperature criterion is met at a horizontal distance
of 1.9 meters and a vertical distance of 5.1 to 7.2 meter below the surface for the 6.3, 7.35, and
8.4 meter port discharge depths. In actuality, the near vertical plume from Outfall 002 would hug
the vessel hull as it rises to the surface. For the case with a nominal ambient current (0.1 m/sec)
the plume is slightly deflected into the horizontal plane due to the influence of the ambient
current momentum (see Figure 4) and the increased entrainment reduces the horizontal distance
to which the criteria is met is 0.5 meters or less. Depths below the water surface at which the
criteria are met range from 6.7 to 8.8 meters. The plume trajectory ends below the surface where
the plume density and ambient density differ by less than one per cent. The plume with ambient
current will also in actuality hug the vessel hull. In all cases the temperature criterion is met well
within the proposed 17.5 meter mixing zone.

5.0 Model Results for LNGC Thermal Discharge

The only information for the LNGC thermal discharge is a discharge rate of 2.72 cm/sec and a
projected temperature rise of 3° C based on the characteristics of the Jordan Cove Project (FERC,
2009). In the absence of available data on port characteristics for the LNGC, the port diameter,
orientation and discharge depths for FSRU Outfall 001 were used. Due to the 32 % higher
discharge rate and four fold reduction in buoyancy, the jet plume will impact the bottom for all
discharge depths. Since the CORMIX model does not provide complete information for a
bottom impact situation, the LNGC thermal discharge was modeled only with VISUAL
PLUMES and JETLAG.

Results for the VISUAL PLUMES simulations are summarized in Table 6. VISUAL PLUMES
first output is the horizontal distance to sea bottom impact. Since the corresponding vertical
positions are above the bed, it is inferred that bottom impact will be along the plume edges
similar to JETLAG results for the FSRU predictions. Temperatures at the point of bottom
impact are much lower than the discharge temperature of 32.6° C and the criterion temperature of
32.2° C. Horizontal distances to bottom impact range from 9.4 to 12 meters, well within the
proposed 62 meter mixing zone based to 50 times the port length scale.

To get a more detail resolution of the jet-plume and the actual locations at which the temperature
criterion will be met, JETLAG was used to simulate the 6 discharge scenarios summarized in
Table 7. For the no ambient flow scenario, the temperature criterion is met at a horizontal
distance of 0.82 meters. Corresponding depths at which the criteria are met range from 6.1 to 8.2
meters for discharges depths ranging from 5.3 to 7.4 meters. For the scenarios with a 0.1 m/sec
ambient current, the temperature criterion is met at a horizontal distance of 0.41 meters (Table 7).
Depths at which the temperature criterion are met range from 5.7 to 7.8 meters for discharge
depths ranging from 5.3 to 7.4 meters. Graphical results corresponding to the 5.3 meter
discharge depth case without and with an ambient current are shown in Figures 5 and 6,
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respectively. Due to the high moment flux and small temperature rise, the 32.2° C temperature
criterion is met within less than a port diameter distance from the vessel discharge.

6.0 Potential for Bed Scour

The VISUAL PLUMES simulation for FSRU Outfall 001 did not predict interaction of the
discharge plume with the sea bottom. JETLAG predicted some potential for interaction of the
FSRU and LNGC plume edge with the sea bottom for the main condenser outfalls for all port
depths. The 7.4 meter discharge depth cases for the LNGC thermal discharges resulted in the
highest jet velocities at the point of bottom impact. Since the ambient current entrains more
slower moving ambient water as well as deflecting the plume more to the horizontal, the case
with no ambient current results in the higher impact velocity of 0.46 meters/sec. Assuming a
conservatively stress coefficient of 0.025, the 0.46 meter/sec velocity produces a bed stress of
0.53 Pa (Newtons/square meter) and a corresponding shear velocity of 0.023 m/sec. For sand
beds, the stability of the bed can be determined using the Shield’s criteria for incipient motion
(Garcia, 2008). For the 0.023 m/sec shear velocity, the stable sediment grain size is
approximately 1 mm, which is the boundary between coarse and very coarse sand. When the
first discharge of the plume occurs, material finer than 1 mm, if present, will be eroded with
coarser material transported as bed load and finer material as suspended load. However with the
initial removal of the fine material, the bed will be eventually be sorted and armor as the
concentration of coarse material at the be surface increases.

7.0 Summary and Conclusions

The simulations and analysis summarized in this memoranda indicate that the 32.2° C maximum
temperature criteria will be met for the FSRU and LNGC thermal discharges well within
calculated mixing zones based on the 50 times the port length scale (square root of port area) US
EPA guidance (US EPA 1991). This conclusion is strongly supported by the unique approach
of using three different buoyant jet models: CORMIX, VISUAL PLUMES and JETLAG. The
unique characteristic of the discharges and ambient conditions results in FSRU Outfall 001 and
the LNGC thermal discharge strongly interacting with the bottom or impacting the bottom. This
interaction or potential for impact was not adequate in projecting bottom trajectory. For these
two discharges, the CORMIX model did not provide the required level of results and the
VISUAL PLUMES and JETLAG models were applied and yielded consistent results. For the
initially downward but rapidly bending FSRU Outfall 002, the Lagrangian formulation of
JETLAG provided detailed information which could not be obtained from the other two models.

For the FSRU and LNGC, the achievement of the 32.2 °C temperature criterion was attained well
within the predicted mixing zones for all the modeled outfalls. The potential for interaction of
the plumes with the sea bottom could result in some re-suspension and sorting of the bottom
sediments. This effect however would be dependent upon the grain size of sediments present
and the plume velocity at impact. Fine grained sediments such as silts and clays would be
entrained and re-suspended in the water column during the early the initial start-up of the FSRU
and LNGC operations. Available data for the sediments at the proposed the offshore terminal
location indicate a mixture of coarse and shell fragments of a texture and grain size less prone to
erosion based on project plume velocities near the bottom. The discharge velocity selected for
the modeling effort chose a conservative value (the higher end of the range observed in similar
vessels) and thus affords some degrees of conservativeness in the plume modeling exercise in
predicting the interaction of thermal plume with the sea bottom.
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Table 1. FSRU and LNGC Discharge Properties
FSRU FSRU LNGC

Discharge 1 Discharge 2 Thermal

Vessel Discharge Property Outfall 001  Outfall 002  Discharge

Flow Rate, (cubic meters per second) _ 2.06 0.26 2.72
Discharge Port Diameter, (meters) 1.4 0.4 14
_Port Area, (square meters) 4154 | 0126 | 154
Length Scale (square root o{ cuea) (metels) ol O 35 e 1 24
Port Discharge Velocity, (meters/se) 134 206 134
Discharge Angle from Horizontal, (deglees) 4 .45 | 45
Discharge Angle form Amblent Flow (deglees) 4% i %% | 9
Discharge Depth Range, (meters) | 53-74 | 63-84 | 53-74
Discharge Temperature Above Ambient °C) | [2 |12 | 3
_Maximum Ambient Temperature, C C) 1296 | 296 | 296
_Water Depth, (meters) o192 7192 192
_Mean Tidal or Ambient Cuuen}t‘_‘(_m_eters/sec)_v 0, 10_ 0.10 010
~Not to Exceed Temperature Criteria, (°C) B -RE | 322
EPA Guidance Mixing Zone (50 x length scale), 62 | 17.5 62
(meters) :

Table 2. Locations at Which Temperature Criterion Are Met for FSRU Outfall 001
Based on the CORMIX Model

Horizontal
Ambient Criteria (32.2° €/ Distance to Meet  Depth to Meet
Discharge Velocity, 90" F) or Bottom Criteria or to Criteria or to
Depth, (meters/ Impact Bottom Impact,  Bottom Impact,
Case (meters) Second) Temperature, (" () (meters) (meters)
1 | 5.3 | 0 | 32.2 42 § 18.2%
2 6.35 ‘ 0 | 32.2 42 ' 19.2%
3 74 0 na | na | L 4
B SR AN S AL 2S SR S— S T N T
5 635 0.1 ? 329 28 f 19.2*
6 7.4 | 0.1 | na ‘ na : na

* Bottom impact with no intermediate trajectory mformatlon provided
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Table 3. Locations at Which Temperature Criterion Are Met for FSRU Outfall 001
Based on the VISUAL PLUMES UM3 Model

Horizontal

Ambient Criteria (32.2" C/ Distance to Meet  Depth to Meet
Discharge Velocity, 90" F) or Bottom Criteria or to Criteria or to
Depth, (meters/ Impact Bottom Impact,  Bottom Impact,
Case (meters) Second) Temperature, (" ) (meters) (meters)
1 50 ! 0 322 12,2 9.6
2 635 0 ) 322 12.2 107
3 74 0 o322 | 2.2 118
4 53 1 01 322 63 96
5 635 0.1 - 63 108
6 7.4 0.1 322 6.3 11,7

Table 4. Locations at Which Temperature Criterion Are Met for FSRU Outfall 001

Based on the JETLAG Model

Horizontal

Ambient Criteria (32.2° C/ Distance to Meet  Depth to Meet
Discharge Velocity, 920° F) or Bottom Criteria or to Criteria or to
Depth, (meters/ Impact Bottom Impact, = Bottom Impact,
(meters)  Second)  Temperature, (" C) (meters) (meters)
M i S A s 32.2 i S MRS %
2 635 | 0 32.4 1 13.1 16.0
3 740 26 s T164
4 5.5 0.1 3.2 8.6 124
5 6.35 0.1 32.2 , 8.6 13.5
6 74 | 01 32.2 % 8.6 14.5

Table 5. Locations at Which Temperature Criterion Are Met for FSRU Outfall 002

Based on the JETLAG Model

Horizontal

Ambient  Criteria (32.2" '/ Distance to Meet Depth to Meet
Discharge Velocity, 90" F) or Bottom Criteria or to Criteria or to
Depth, (meters/ Impact Bottom Impact, Bottom Impact.
Case (meters) Second) Temperature, (" C) (meters) (meters)
1 6.3 0 32,2 i 1.9 al
3 84 |0 21 7.2
4 63 = 01 32.2 i 0.5 6.5
5 | 735 0.1 32.2 5 0.5 7.6
6 8.4 0.1 32,2 ] 0.4 8.8

Page 7
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Table 6. Locations at Which Temperature Criterion Are Met for LNGC Thermal
Discharge Based on the VISUAL PLUMES UM3 Model
Horizontal
Ambient  Criteria (32.2° '/ Distance to Meet Depth to Meet
Discharge Velocity,  90° F) or Bottom Criteria or to Criteria or to
Depth, (meters/ Impact Bottom Impact, Bottom Impact,
Case (meters)  Second) Temperature, (" C) (meters) (meters)

o ¢ SN A N RN - S A ST
2635 [ 0 T3a ¢ e SHLOY L <164%
3, 14 T 0o T T ; <10.0% R <16.4*

S R A A S S~ S Y A Lsl48r
5 635 | 01 322 L <04 | <14.8%

6 . 74 | o1 | 32.2
“ Trajectory too coarse to provide near port information

<15.4*

B2

Table 7. Locations at Which Temperature Criterion Are Met for LNGC Thermal
Discharge Based on the JETLAG Model

Horizontal
Ambient | Criteria (32.2° C/ Distance to Meet Depth to Meet
Discharge Velocity,  90° F) or Bottom Criteria or to Criteria or to
Depth, (meters/ Impact Bottom Impact, Bottom Impact,
(meters)  Second)  Temperature, (" () (meters) (meters)
! -5 S N - —J&2 1 0 068 2 1 a1
2 | 635 0 324 0.82 | 7.2 -
»»»»» 3 | 74 0o | 32.6 ] 082 82
4 L 53 T er Tag | . S -
3 1 635 0.1 322 0.41 1 6.8
6 74 |01 | 32.2 0.41 1 7.8
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Figures

Discharge 1 Vertical Plane View
Jet origin 5.3 m below surface temperature
Orientation downward at 45 deg
Water Depth 19.2 m
No Ambient Velocity
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Figure 1. Vertical plane trajectory for FSRU Outfall 001 with Discharge 5.3 meters
below surface and no ambient current
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Discharge 1 Vertical Plane View
F Jet origin 5.3 m below surface Tompeeie
B Orientation downward at 45 deg
4= Water Depth 19.2 m
B 10 cm/s Ambient Velocity
L e
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Figure 2. Vertical plane trajectory for FSRU Outfall 001 with Discharge 5.3 meters
below surface and a 0.10 m/s ambient current
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Discharge 2 Vertical Plane View,

i g Jet origin 6.3 m below surface
5 s Orientation downward at 45 deg
3 i Water Depth 19.2 m
T O No Ambient Current temperature
E
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Figure 3. Vertical plane trajectory for FSRU Outfall 002 with Discharge 6.3 meters
below surface and no ambient current
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Discharge 2 Vertical Plane View, temperature
Jet origin 6.3 m below surface 42
Orientation downward at 45 deg 41.5
Water Depth 19.2 m 41
10 cm/s Ambient Current 40.5
40
39.5
39
38.5
38
37.5
37
36.5
36
35.5
35
34.5
34
335
33
32,5
32
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31
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Depth Below Surface (negative values), meters
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Horizontal Distance From Jet Origin, meters

Figure 4. Vertical plane trajectory for FSRU Outfall 002 with Discharge 6.3 meters
below surface and a 0.10 m/s ambient current
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LNGC Thermal Discharge Vertical Plane View
Jet origin 5.3 m below surface

Orientation downward at 45 deg

Water Depth 19.2 m
No Ambient Velocity

temperature

33
T 328
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32.4
32.2
80
% 318
31.6
31.4
31.2
31
30.8
30.6
30.4
30.2
30
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Depth Below Surface, meters
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Figure 5. Vertical plane trajectory for LNGC Thermal Discharge with Discharge 5.3
meters below surface and no ambient current
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LNGC Thermal Discharge Vertical Plane View

- Jet origin 5.3 m below surface
B Orientation downward at 45 deg
-4 = Water Depth 19.2 m
i 10 cm/s Ambient Velocity
™ temperature
0w 6
h —
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Figure 6. Vertical plane trajectory for LNGC Thermal Discharge with Discharge 5.3
meters below surface and a 0.10 m/s ambient current
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